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-+ Standard Model remarkably successful theory
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~» Gravitation does not fit in the SM framework

-+ Dark matter, Dark energy

74 % DARK ENERGY

-~ Hierarchy problem, strong CP problem...
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-~ Charged Higgs required in multiple New Physics scenarios
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-+ Searches for a charged Higgs at BaBar

B — X,

™ Small osm ~ 7%
0] H- enters in a loop
00 BF ~ 0.03%

O Inclusive measurement difficult

BT -1 Uv,

0] Large osm ~ 25%
@ H- enters at tree level

O BF ~0.01%
O Helicity suppressed

( h

B - D™+~

& Small osm ~ 2-5%
™ H- enters at tree level
™ BF ~1-2%

@ D® provides constraint
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-+~ We measure ratios | R(D*)) =

Manuel Franco Sevilla

B(B — DY r~1w.)

B(E — D(*)g_fg)

Y,

2

Normalization
({~ =e orpu)

v Theoretical: Vb, FFs

« Various uncertainties cancel in ratio

v Experimental: same final state particles

T — U U,

B —» D™ rp
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r — N
: B(B — D®r~p Ny £
-+ We measure ratios | R(D*)) = ( _ ) sig norm
L B(B — D(*)E—w) Nnorm Esig
SM Aver. SM  Aver.
| 044 012 ' 535M BB
042+ 0.3 —t 030+ 0.06 ° 232M BB
Belle 2009 Belle 2009 E D)
0.59 0.16 ¢ 047+ 0.10 657M BB
Belle 2010 » Belle 2010 o)
Ogsei 0.11 M e 0.(:131 0.08 657"TM BB
02 04 06 08 03 04 05 06
R(D) R(D*)
-+ Previous measurements exceed SM by 1-2 ¢
-~ We update BaBar 2008 with 2x data and 3x efficiency
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SLAC/LBL/LLNL
SLAC-Based B Factory:
PEP-I1 and BABAR

Low Energy Ring
(new)

BABAR Deteclor

~—

High Energy Ring
(upgrade of existing ring)

Both Rings Housed in Current PEP Tunnel

-+ OQperation 1999-2008

Electron
G

-+ Linear accelerator injects
in PEP-II (By = 0.56)
-+ 9.0 GeV electrons e

7 Damping
Rings

- Positron : &
! Return Line X

o
&

Electrons <

- 3.1 GeV positrons e*

- -

-~ ” \(
Positon B
o / -

€ =
T(4S) =«
- <l €+
4~ E
il CM energy
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-+ Good lepton ID

. detect(
- Good hadron ID (/K sep.) ///
-+ 91% solid angle coverage II
/
Nk /I V(1.2 Ge

ete” — Y(4S) - BB~
(B~ = p°u7,)

R e

Similar to normalization

(B~ = D°(—» K 7))y v,)

Muon detector
outside the plot
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-+ Fully reconstructed tag B V: .
ff 1 . ....”z.' T —¢ i’ - £ -
-~ E iciency 2X previous N Biig el
analysis € _o®* oo
K:l:’KO ’¢‘k' e"l— D(*)
w0
Xe
Old Biag: X. = D, D* New Biag: X. = D, D*, DY, D**,J/¥

630 decay chains 1,768 decay chains
%\ §||||||||| """ %8000; """""""""""""" II’II_E
= F E = E s
= 3000F 0 e = - ) 0 -
s Eff.: 0.21% : seoo0- Eff.: 0.40% 3
E 2000 Purity: 91% 540005: Purity: 75% :
1000 2000E :
O_...Fr'.'*. e sl e (P T R A PR 0 0_|||||||| .... £
5.24 5.25 5.26 5.27 5.28 D. 29 ! 5.24 5.25 5.26 5.27 5.28 5. 29
mps (GeV) mps (GeV)
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-+ Fully reconstructed tag B

-+ Efficiency 2x previous
analysis

-~ D) DO, D*0, D*, D**

- £ = e, pu (improved PID) wi,w°4>§

—— New PID (34241
—— Old PID (22686)

(O8]
S
S
S
T T

2000f Muons

Events/(150 MeV)

1000f-

=+ 2 >4 GeV?
& pmiss > 200 MeV

Manuel Franco Sevilla

IVl

e
0 =
KT K -

Xe

Backgrounds

-+ Boosted decision tree to reject bkg.

-~ BB/continuum from control samples
~eTe” —uu,dd, cé, S5

-+ Simultaneous fit estimates B—D**({/t)v

-+ 4 DOa’ control samples
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rppl=l

— O
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-+ Key variable to separate signal and normalization

2 2
M iss = (p€+€_ — PBiag — PD() — pﬁ)

Entries/(0.28 GeV?)

D°® channel
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Normaliz.
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s0f

Background
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-~ Unbinned ML fit
~~ 2D: mr2niss o pz

-+ 4 Signal channels
« D%, D*0, D*, D**
-+ 4 DO’ channels

-~ Fitted yields
-~ 4 DOy
-+~ 4 DOy
-~ 4 D" v

-+ Fixed yields (yellow)

-~ Charge crossfeed
-~ B combinatorial
-~ Continuum
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Events/(0.50 GeV?)

Events/(96 MeV)
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MC Simulation

L
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-+ F1t uses 56 fully two-dimensional Probability Density Functions

p*1 (GeV)

1.5

0.5
0725 0 2 4 6
m2, (GeV?)
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o §)
o | D" ¢tv
S 100001 I Normalization
3
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E I
5000}
AN
Sa) 0 0 4 6
m2;, (GeV?)
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-+ [rregular } Difficult to describe
-+ 2D correlations analytically
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-+ We use non-parametric Kernel estimators (KEYS)

-+ p(X) estimated by p(X;x;) using the sample {x;}

(Gaussian kernels

) 1 n X .CEZ Simulated events
P(X;x5) = —Z

nw ~— @ With non-parametric, easy
v . to trade Bias for Variance
Smoothing
6] - 6
w = 0.3 w = 0.5

10
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CV output

-+ Uncertainties estimated with Bootstrap algorithm
- For same statistics = larger uncertainty than analytical (parametric) PDF

Cross-validation
algorithm

1 < )
—_ 52 (X)dX
CV n;l/p_z( )d

-0.13

— % ;ﬁ—z(ﬂfz)

—pp, =0.65
—pp, =135
—-p, =240

Optimal
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- Simulation does not reproduce p*1 and yields of ete” — uu, d&, CC, SS

\
Al channels(MC/data = 1.100 = 0.018 )
> 800 |- o~ “ [ —— data (7071)
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mgs (GeV)

D |
PJ ) F‘Jrl(\"’.f)_r\) urenel

Tt

-+ BB background estimated from control samples

~ H5.20 < mgg < 5.26 GeV

* Epxtra = » Ey > 0.5 GeV

unused ~y

5.20
AL+ A B C
mes SB correction
5.26
5.27 E F
Signal region BB bkg. 4.3% overestimation corrected
5.29
0 0.5 1.2 2.4
Egxtra (GCV)
All channels: MC/data=1.013 = 0.005
S F —data (55352)
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o - B B DIv (213)
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Z 0L | . == Bkg (18644)
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M 2000 e ";1_
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o k
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. All channels: MC/data = 1.002 = 0.003 . All channels: MC/data=1.012 = 0.002

Q —— data (118108) Q —— data (192029)
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\; 5.27 E F mzmiss > 1.5 GeV?
= . .
= Signal region 0.998 + 0.006 BB bkg. 4.3% overestimation corrected
5.29
0 0.5 2.4
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/

S 1000
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-~ Background very well described St
- |
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All channels: MC/data = 0.995 + 0.002
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- Background very well
described for large Egxtra

~» 5-10% diff. for Egxtra < 0.5 GeV

-+ Corrected with mgs sideband
-+ Significant uncertainty

5.20

A1+ A B C
S syl 1.000 = 0.003 1.011 £ 0.003
ot mgs SB correction
O 5.26 MC/data for
> 5.27 E F M2pmiss > 1.5 GeV?
=
= Signal region 0.998 + 0.006 BB bkg. 4.3% overestimation corrected
5.29
0 0.5 1.2 Erxtra (GeV) 2.4
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E 4000;_BDT cuts faiIEdi .Izlzmiss>1-5 — E 40000 E_mzmiss> 77777777
T 3000 : N >~ B .
e 3 30000
=) (== .
L% 2000 L%’ o000 MC/data flat in mgs =
1000 o=@ E Extrapolation of the
q G 5» 5.4 35535 correction OK
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e — ———— LIp
1 —i= T —i— 1 — E—
09 09l
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-~ Efficiency 3x

-+ Good agreement with

previous analysis

2008

| mmiss2 projection, D ® channel |

Events /(0.5 GeV /c *)
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I Dtv

HD*]v
EDlv

0 2 4 6 8 2 4
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2012

D tv

D01y

Dty

Nsig

16 £7

267 £ 35

107 £ 17

Signif.

2.7 0

8.00

R(D*) | 0.35+0.07

0.21 £0.17

0.31 +0.04

0.32 + 0.05

p, projection form>.__>1.0 GeV>/c*, D channel
L ] m

iSs

Events /(0.16 GeV/c)

02 04 06 08 1 12 14 1.6 1. 2 2.4
n momentum (GeV/c)

Events/(0.48 GeV?)

w
=]
rT 1T rrrrm 7 rm—r7 7T 7171771

Events/(160 MeV)

[ p, projectionform” . >1.0GeV'/c", D “channel |

>

e

[

Events /(0.16 GeV/c)

02 04 06 08 1 12 14 16 1. 2 2.4
lepton momentum (GeV/c)

miss

—1.0=m2._ <120 GeV?

m2. (Gev?)

Events/(0.48 GeV?)

T 15

Events/(160 MeV)

B — D® 1y

m2.(Gev?)

2

p*, (Gev)

- 10=m?, <120 GeV? D**
05 1 15 2

p*, (Gev)
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Events/(0.25 GeV?)

Events/(0.25 GeV?)

10F

p* (Gev)

D*% and D*" channels combined.

-+ (Good fit agreement D0y D 1y Dy
-~ Uncertainties statistical Nisig 639 + 62 245 + 27 888 + 63
( :gjw Signif. 1130 11.6 c 16.4 ¢
: v
Free in { ED*lv R(D*) | 0.322 £0.032 | 0.355+0.039 | 0.332 +0.024
the fit .Dl\l < >
| | BD**v Isospin
Fixed --Bkg. constrained
> 10<m2, <120 GeV2, D¥
E 100r
L%) 50; \ g 80: M2 miss > 1 Gevza D*
of 2
p* (Gev) =
0 o
;; 405 10sm2, <120 GeV?, D** =
S 0 /
E:
3 -
5

m2. (Gev?)

miss
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Background subtracted

Slide 21



| )

\ mJ I i
I PG G r\ lr\\
. op. i
-+ First 56 observation DOty Dty Dy "”va,iim
-~ Uncertainties statistical Nisig 314 = 60 177 + 31 489 + 63
(B Signif. 550 6.1 0
. ’V e ——————————
Freein ) ] R(D) | 0.429+0.082 | 0.469+0.084 | 0.440 +0.058
the fit ) o M — —
v
. L B D**]v Isospin
Fixed --Bkg. constrained
S § 10=sm?_ <120 GeV?
O - [
g g 200 -45% correlation D-D*
g 5 ook S 150 2 >
> s - 0 M-miss > 1 GeV~+, D
: 5 - N
o5 1 15 3 < 100
m2. (Gev?) . P*1 (Gev) *E
¢ 2
2 S ; " @ f
% E 100:_ {{.‘Osmmiss<12.0 GeV?, D 50:
gv-;/ % i + / O- e 1 ]
5 5 SO N o 05 1 15 2
z i : ] p* (Gev)
N S . e D% and D* channels combined.
0 02 : ' oF (Gev) Background subtracted
1
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Dy&[:-: MNACLEC UM ECCIHLAULINUIES s

Uncertainty (%)
Source
R(D) RD*) | p
D** /v background 5.8 3.7 0.62
MC statistics 5.0 2.0 | -0.48
Cont. and BB bkg. 4.9 2.7 | -0.30
Esig/Enorm 2.6 1.6 0.22
Systematic uncertainty 9.5 5.3 0.05  Correlation between
Statistical uncertainty 13.1 7.1 | -0.45 % R(D) and R(D*)
Total uncertainty 16.2 9.0 | -0.27

~Largest syst. due to backgrounds
~+Small uncertainty on efficiency ratio &sig/€norm

-+ Statistical uncertainty dominates
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-~ Statistical
uncertainty

-+ Largest
systematic
uncertainties

Manuel Franco Sevilla
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— Log(Likelihood) %
— Parabola
4
2 ___________________________
o N A T ST
400 350 400
Yield(B—Drv) Yield(B—>D*tv)
©  [a o, =00222| 2 60 o, =0.0066
(@] - o L
< <
S S
g 2 40
g Q -
84| /M
20
O ]
0.32 0.34 0.36
R(D*)
@ 40F g) o, =00192] & 60 o, =0.0064
[a) L ) o
S S
S S
> 30 > r
& & 40
g 2
B 20k nal
20
10~ r
0 05 0"="03 033 034 035
R(D) R(D*)
k
B — D1y

Likelihood scan

Variations of the D™ Cv
rate from the Dn° into
the signal samples

Variations of the PDFs
due to MC statistics
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-+ Results are consistent for different run periods

. v*:5.1/7=0.73
Runs 123 Prob. = 64.73%
Run 4 | :
Run 5 .
Run 6 i . *
—02 04 06 08
R(D)

-~ Results are consistent for e Vs n, within the large uncertainties

Runs 123

Run 4

Run 5

Run 6

v*:5.9/7=0.84

—— Prob. =55.48%
A “SM
All runs
ag - B*
—_— - BO
o
<
02 04 06
R(D¥)

¥ 4303 =142 ¥: 4213 = 141
— Prob. = 23.40% e Prob. =23.74%
Electron Electron
i . ——
All data
g
Muon Muon
~02 04 06 08 02 03 04 05 06
R(D) R(D*)
. Kk
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— -<data —_
% EDrtv %
> B D*tv s
o HD*Iv o
L EDlv N
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> >
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13 200 13
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== I t 1 iF —— = % I
0.6 03l 4
4 N
2, _ F 2. _
= $*:11.9/7 =171 S 200 ¥*:7.2/8=0.90
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> =
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Z Z 100
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s D50
0 1 1 1 - 1 _ -
0 0.1 0.2 03 0.4 0.5 0.4 0.5
16 EExtra (GCV) 16 EExtra (GCV)
.1_ + - + | .1_ —t= ! L
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B —» D™ rp

-+ Key variable in the BDT

E Extra

> B,

unused -~y

-+ Signal peaks in Egxtra

~» Re-scaled to the results of the fit
o mzmiss > 15 G6V2

D0 and D™* channels combined
Background subtracted
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Resulis gt

PRL 109, 101802 (2012)

Decay Nig Nporm R(D™)) B(B — DYrv) (%) Xiot(o)
Dr~ v, 4890+ 63 2981 £ 65 0.440 + 0.058 £ 0.042 1.02 £ 0.13 &+ 0.11 (6.8)
D*r~7, 888+ 63 11953 + 122 0.332 4+ 0.024 £+ 0.018 1.76 & 0.13 & 0.12 13.2

= First 5o observation of B—Dtv

= Agreement with previous measurements P

include this analysis

SM Aver. SM Aver.
2 Belle 2007 AEEEg o —
5 0.44 = 0.12 i ¢ S 535M BB
BaBar 2008 . BaBar 2008 : —
0.42 + 0.13 Y H 0.30 = 0.06 G 232M BB
Belle 2009 - . Belle 2009 o » —
0.59+ 0.16 - ¢ - 0.47 = 0.10 g ° = 657"M BB
Belle 2010 i - Belle 2010 L » —
0.35+ 0.11 . o 043+ 0.08 s — 657"TM BB
BaBar 2012 BaBar 2012 —
6.440 + 0.072) B B 6,332 N 0,03(9 H——+ (47 1M BB )
02 04 06 08 03 04 05 06
R(D) R(D*)
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<’0.440 +0.072 BABAR

B <’0.332 +0.030 BABAR

J/

\0.297 +0.017 SM

» 3.40

\0.252 +0.003 SM

3.20 with largest R(D)sm
PRL 109, 071802 (2012)

R(D*)

R(D) and R(D¥)
not independent

-27 % correlation

Manuel Franco Sevilla
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2 IDIVARGEN CUl SO el

w2

& Lie are the leptonic currents -
w

-~ SM matrix element [Miﬁ (¢, 9@)’ _ GrVe ZLM H/\MJ

-
-~ Simple functions of g and 6 W~ (q) - Vr
e Hifé are the hadronic currents B { > %’ :99) > g — ¢ }D(*)
- Parameterized by Form Factors q— = = - 4
tan? 2
-+ H- enters through the scalar current [ SQHDM ~ H SS M % (1 — — b 1 )
. o . My LF me/mp
- We re-weight the simulation to account for it

Type II Two-Higgs-Doublet Model
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772HDM  7ySM (1 ~ tan’p q° )

0.2f
0'15;_ 0.15f — SM
: _ —1
0.1F o1 —— tan/B/mH—l— = 0.3 GeV
: tanf/my+ = 0.5 GeV ™!
o B = Drv o — tanf/my+ = 1.0 GeV !
I T S T/ o*
¢ (GeV?)
6/ 5 _waves . W S,P,.D-waves , WT Spin 0 Spiﬂ 1
947% P - ) .
B{S ] Z}D B{g . Z}D* P-waves pick up
a factor of pp
S-wave . HT P-wave , HT
B{g // Eq}D B{g ,/ Eq }D*
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PDFs re-calculated in the Higgs impact on m?uiss similar to ¢°

2HDM context q
N% B — DTtv o PBy;, o
e} _
E‘ 5 - o 2 2
% mmiss — (p€+€_ o thag T pD(*) T pﬁ) — (q o pé)
A

. H*(q)

7’
7
Y

N BSig(szig) D(pD)
0 0 52 10

miss (GeV2 )

m
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1 » st polarization in B — D™+,
PDFs re-calculated in the |
YHDM context -~ SM: Left-handed 70%, Right-handed 30%
B Spin 0
g B — Dtv U, < - e
% AUT = + A = +
A

-~ 2HDM: Left-handed 0%, Right-handed 100%

o S p, is the momentum of the secondary lepton
GeV? _ — .
- Mimiss (GEV7) from 7= — £~ Uyv,- decays in B frame
@ 15:_ AU@ :_|_
2 _ - — U
2 0 < T 25 Favored
A Ir — pa—
B Aﬁ_ = — AV—;— e
0.5F ( Ar D
E L Av, = +
= D — o , o— Suppressed
T - —
. Av, = — Ap— =+
Manuel Franco Sevilla B — D(*)T 1
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Toere TLEIPIVE Seer el
Ly LU 2ot/ Usezrn
N N
PDFs re-calculated in the Fitted yields
sk
2HDM context B — DT, B — D*tv;
600F 1000F
— = 9
O 02F i~ N
;\ B ~ ~
= - _ £
£ 0.15F N 5 900f
- o I i
/F & .
0.1F i 850k
0,05:— 0 02 04 06 08 1 001 '“014' 06 08 1
i tanf3/my; (GeV™) tan/m,, (GeV™)
0% o s 2' T 5 10 ™
Miiss (GeV7) Efficiency
T s B — D*1v,
E! _
Z i S
8 1__ =
a i =
i B 103
0.5_— *9/ -
0 0.5 1 1.5 2 ok ¢ 00—
* 0 02 04 06 08 1 0 02 04 06 08 1
Py (GeV) ) tanp/my, (GeV™) tanp/my, (GeV™)
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B (%) +—77
-~ Measured R(D(*)) — B(B — D™ vy _

B(E — D(*)f_fg)

in the full 2HDM parameter space

N81g « Enorm

Manuel Franco Sevilla

Nnorm 5Sig

tanf/mpy+ =
0.44 + 0.02 GeV !

tanf/my+ =

0.75 + 0.04 GeV !
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~ Compatibility of A(D™) = R(D™)exp — R(D™)ompn given by a y?

for each 2H

X*(tanB/mp+) = (A(D), A(D")) (

M point

O
©
o0

[am—
. -
-

I I | I I I I | I \

Exclusion probability (%)
O
\O
\O

SM excluded at 3.4 o

Most likely tanpp/m,,, = 0.45

-

05

1

tanB/rnH+ (GeV'l)

2 2
Uexp + Oth

*
P Oexp0 exp

%
P Oexp0 exp

* 2

* 2

o exp—l_o- th

200

400

) |

600

Type 11 2HMD excluded at 99.8 %, or equivalently, 3.10

Manuel Franco Sevilla

B — D™y

A(D)
A(D*)

P Excl. at 20
B Excl. at 30
I Excl. at 50

800 1000
m_, (GeV)
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-+ (General spin-0 interactions Datta et al, PRD 86, 034027 (2012)
AGrpVep [, _ _ B B B
Her = 7 {(C%PLb) (T PrLvr) + Sr(CPrD) (TPLv;) + SL(cPLb) (TPLVT)}
Type II 2HDM

No solutions

tanfB/my+ = 1/ —2B (GeV™') [Sp = 0]

mymar

-~ R(D) - R(D®) depend on independent NP parameters
R(D) = R(D)sm + ApRe(Sk + Sr) + Bp|Sr + S|’
R(D*) = R(D*)sm + Ap-Re(Sr — SL) + Bp-|Sr — SL|?
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-+ (General spin-0 interactions Datta et al, PRD 86, 034027 (2012)
AGEVep T, _ 3 . 3 B
Heft = NG - {(C’YMPLIJ) (Ty* Prvr) + Sr(cPrb) (TPLv;) + S (cPrb) (TPLVT)}
Type III1 2HDM i Favored at 1
2 Blc B20 3o _
S L 1 4 solutions for real Sg - Sy,
n [
+ ok 1 and more for complex values
[ I
w [ i
20 7
6 4 2 0 2
Sr — SL

-~ R(D) - R(D®) depend on independent NP parameters
R(D) = R(D)sm + ApRe(Sk + Sr) + Bp|Sr + S|’
R(D*) = R(D*)sm + Ap-Re(Sr — SL) + Bp-|Sr — SL|?
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-+ (% spectrum impacted by HSQHDM S HSSM X (1 _

0.15F
0.1
onsi
i B — Dtv
% % 10 12
q? (GeV?)
6% S-Waves W—I—
949% P
b—e’ ¢
B{q q}D

S-wave . HT

’
rd

. _
B{, Z}D

Manuel Franco Sevilla

-
(1

i)
Yoo

oDl

0.2F

0.15F

0.1

0.05F

B — D*Tv

4 6 8

10

12

q* (GeV?)

S,P.D-waves AZK Wt

’
pd

b € v s
B{; ‘;}D

P-wave . HT

7’
’
rd

b €
B{, fI}D

B — D™y

tan?/3 q> )

m%H 1 Fme/my

— SM
— tanf/mpy+ = 0.3 GeV !

tan8/mpg+ = 0.5 GeV~!
— tanf/mpg+ = 1.0 GeV~!

-~ P-waves have lower q?

spectra, due to p*p

~ B—Dtv more affected

by NP than B—D"tv

Slide 38



'S 7 < 4
> 200 — % 100 .
hep-ex 1303.0571 S ] © : \i =B;Kt\’
S { & h vV
m2. > 1.5Gev? 2" 127 : =Di‘<lv
g ] @ ] Dlv
SM shape g S ] ¢ - B D**]v
Yields from fit 5 3 Oéé --Bkg.
(40% over SM) ° 4% T

q° (GeVQ/ l \Gev2

tan,@/mH+ =0.30GeV~'  tanB/mgy+ = 0.45GeV !

3

L% 15.1/14,p=369% DI - x 11.0/14,p=686% DU - | % 44.5/14,p=00049% DI -

!

[
(=)
T
(9,1
(en)
T
(9,1
)
LI I
]

0 02 04 06
tan 8/mpy (GeV™")

o
o
o
)

L v 6.7/12, p = 87.6% D0 L v 8.1/12,p=774% D0

> 1.5 GeV?
Corrected for
relative efficiency
Background sub.

mlSS

N
=]
N
o
L] L]

Weighted events/(0.50 GeV?)
T LO,] T

Weighted events/(0.50 GeV?)
Weighted events/(0.50 GeV?)

)

— —
q¢* (GeV?) q¢* (GeV?)
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p-values including conservative systematics

V- -

i Favored at i

2= Blo BF20 3o —

~ = |

S ]

b emm— ——

A i

[ — -+ B i

) - |
6 4 2 0 2

Sp— S

q’ spectra excludes 2 solutions

Non-zero spin contributions favored

m?2 > 1.5 GeV?

miss
Corrected for

relative efficiency
Background sub.

SM

SM  tanB _ 30 GeV ! (M — 0.45 Gev—ﬂ
_ mH+ mH_|_
B — DT U, 83.1% 95.7% 0.4%
B— D't v, 98.8% 98.9% / 97.9%
"4
_ 2 2 _
Sr = —mpym;,tan® f/m7 = —1.51 } Sk + S, =151
S =0

tanB3/mpy+ = 0.30 GeV ! tanB3/mpy+ = 0.45 GeV !

3

L o’ 15.1/14,p = 36.9%

;&ll _

N
(=]

)

L % 11.0/14, p = 68.6% D¢ L v’ 44.5/14,p=0.0049% D/{ -

!

(9,1

(en)
o

(9,1

)
T T

[a)
(e)
T

L v 6.6/12,p = 88.4%

Weighted events/(0.50 GeV?)
N
(=)

L v 6.7/12, p = 87.6%

D¢
) |

W
o
L]

Weighted events/(0.50 GeV?)
3

Weighted events/(0.50 GeV?)
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PRL 109, 101802 (2012)

- Improved B — D®™)1v uncertainty more than 2x hep-ex: 1303.0571
Average Belle/ Average Belle/
SM  BaBar 2012 SM BaBar 2012
044 = 0.12 ———— 535M BB
oo | Lo | L, 232M BB
059 0.16 | ] N ~——e—— | 657M BB
e | e kT ——— | oM BB
BaBar 2012 BaBar 2012 —
(Dnti) | | we— (omanining) | | et (471M BB )
02 04 06 08 03 04 05 06
R(D) R(D*)
R(D) R(D%) R(D)/R(D?) | g% spectrum
SM X (2.0 o) X (2.7 o) X (3.4 0) v
Type II 2HDM v v X (3.1 0)
Type ITT 2HDM v v v
Non-0 spin NP v v v v

-+~ New Belle/BaBar results (semileptonic tag, t—mv:) soon: confirmation?
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-+ In PDF estimation, Mean Squared Error

MSE[p(X; X;)] = E [(ﬁ(X;X@-) —p(X))ﬂ

~» Variance term due to limited amount of statistics

(Var[pl}= £ |(5(X) - E[p(X)))’]

-+ Bias term due to inadequacies of your model

(Bias[p]}= £ [6(X)] - p(X)

~» Difficult to estimate

-+ With non-parametric, easy to trade Bias for Variance
-+ Estimate Variance with Bootstrap algorithm

Manuel Franco Sevilla B — D(*) TV
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Events/(0.38 GeV?)

Events/(0.25 GeV?)

R(D)

oR(D")
e R(D")

5 | | erD®
Z \oR(D*ﬁ

100

200 300 0 100 200 300

% of the nominal sample % of the nominal sample
§ PO 10=m2,_<120Gev?| Kit to 30% sample
g 100F ++ ++ R(D% =0.42 +0.09
g SB=1.3 Fit to 100°
400f § 400 b) 10=m2. <120 GeV? S/B=0.8
300F g 300} . o
: z Fit to 300% sample
200k 4 C
100f * Joof R(D% =0.35+0.10
of i

Manuel Franco Sevilla

(Gev )

mlSS

S/B=10.3

sample (nominal

R(DP) = 0.43 + 0.08
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-~ Largest uncertainty due to B—D"({/t)v background
-+ Peaks are well described

2 . 1. 2
-~ Some excess at m-miss ~ 1-2 GeV 50% uncert. on B—D**tv
. - — N < 400F —
B - . > - > o+ K
% 400:_ Nominal fit < 300f 3 B — D™ ¢fv
puet C 2 i S 300 sk %k
S 300F 5 - S B — D™ tv
N § 200f 2 00k
L% 200F m L% i
: 100}
100F :
0% % . . 2 G |
\ m2,, (Gev) Ph e ) m2,., (GeV?)
(" ~ 400 —~ )
Q B S [
> - With 3-bod s i
> a0k Y| 2 3 Sum 4 Dx’v samples
3 F decays | £ | *
W £ ol | D™ (— D)
S : O D**(— D™ rm) ey
100 100} )
' - B Dy
055 00- B D/v
- [1 Combinatorial
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